ABSTRACT Hyaluronate (hyaluronic acid), a potential marker for activated pulmonary fibroblasts, appears in increased concentrations in bronchoalveolar lavage fluid from patients with sarcoidosis. The mechanisms underlying fibroblast proliferation are largely unknown but activated alveolar T lymphocytes and macrophages probably play a part; the mast cell is also important for fibroblast proliferation. This study was designed to determine whether there is any association between pulmonary mast cells in lavage fluid, which are known to be increased in patients with sarcoidosis, and signs of pulmonary fibroblast activation. A strong correlation was found between lavage fluid hyaluronate and recovered mast cells (r = 072, p < 0001). Moreover, mast cell and hyaluronate estimations correlated inversely with lung volume and transfer factor for carbon monoxide, and both indices increased with advancing radiological sarcoid stage. Macrophage and granulocyte counts were normal in lavage fluid from patients with sarcoidosis and were not related to lavage fluid hyaluronate or laboratory signs of the disease in the lungs. Lymphocytes were recovered in increased numbers (p < 0001) and were related to the lavage fluid mast cells and hyaluronate. It is concluded that in sarcoidosis release of hyaluronate into the airways is related to the degree of lung disease and to the local inflammatory reaction in the lung as defined by increased numbers of mast cells and lymphocytes in lavage fluid. The findings may reflect a link between the immune system, activation of mast cells, and a pulmonary fibroblast proliferation.
Hyaluronate (hyaluronic acid), a glycosaminoglycan, is present as part of the connective tissue in lung parenchyma.' Its production from fibroblasts is stimulated by various inflammatory stimuli.2" Our previous finding that the appearance of increased amounts of hyaluronate in the alveolar space was related to reduced lung volume in sarcoidosis suggested that increased synthesis of hyaluronate in the lung may reflect activated interstitial fibroblasts or an expanded fibroblast mass associated with interstitial fibrosis. 6 The mechanisms underlying the accumulation and expansion of fibroblasts in sarcoidosis in the lungs are largely unknown but could be a consequence of alveolitis induced by activated alveolar T lymphocytes and macrophages.7 The mast cell is also important for fibroblast stimulation8 and plays a part in wound healing.9 Nevertheless, its possible pathophysiological role in the activation of lung fibroblasts and development of lung fibrosis has not received much attention. Increased numbers of mast cells have been reported in lung tissue both in fibrotic lung disorders in man, including sarcoidosis,'°" and in experimentally induced lung fibrosis in rats.'2 '3 Recently we reported increased numbers of mast cells in bronchoalveolar lavage fluid from patients with sarcoidosis. 4 Against this background we analysed the possible association between mast cells and increased synthesis of hyaluronate in patients with pulmonary 933 934 sarcoidosis. In the present study we The relative numbers of mast cells recovered in lavage fluid were 0-02% of all non-epithelial cells from control subjects and 0-42% (SD range 0-08-2 1 %). The absolute mast cell concentration in lavage fluid from the patients was 28 x 104 (SD range 5-165) cell/l and was significantly correlated with hyaluronate concentrations in lavage fluid (r = 0-72, p < 0-001; fig 1) . The relative mast cell counts were also related to the hyaluronate concentrations in lavage fluid (r = 0-68, p < 0 001). The patients with sarcoidosis had significantly higher concentrations of lymphocytes in lavage fluid than the control subjects (table  1) and a relative increase in lymphocyte and a relative decrease in macrophage numbers. There was a significant relationship between mast cell counts and both absolute and relative lymphocyte counts (r = 0 47 and 0-39 respectively, p < 0-001). Lavage fluid hyaluronate correlated significantly with the relative (r = 0-48, p < 0-001) and absolute (r = 0-39, p < 0-001) number oflymphocytes. Lavage hyaluronate was also related to the relative (but not the absolute) number of granulocytes (r = 0-29, p < 0-01) and macrophages (r = -058, p < 0-001) recovered.
The lavage fluid albumin concentration was 131 (SD 122) mg/l in the patients and 43 (23) mg/l in the control subjects. When lavage fluid hyaluronate concentration was normalised for albumin the relation between hyaluronate and mast cells remained (r = 047, p < 0-001), whereas the relationship between hyaluronate and lymphocytes became nonsignificant (r = 0-14, p > 0-05). group.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from Hyaluronic acid in lavagefluid in sarcoidosis: relationship to lavage mast cells stitial lung diseases is provided by the relationship between the increased bronchoalveolar concentrations of hyaluronate and type III procollagen peptide, a potential marker of collagen type III production (L Bjermer et al, to be published). The present observation that bronchoalveolar lavage hyaluronate concentration was correlated inversely with lung volume and function, and increased with advancing radiolographic stage, further supports the contention that the appearance of hyaluronate in the alveoli reflects an altered connective tissue reaction.
The development of lung fibrosis in sarcoidosis coincides with the recruitment of fibroblasts and the production by them of connective tissue matrix. During recent years it has been proposed that the increases in fibroblasts in sarcoid lungs is a consequence of the intensity of the local lung T lymphocyte activation.7 Alveolar macrophages may also play a significant part by releasing active mediators.718 Until now, it has not been generally considered that mast cells may have a role in the pathogenesis of fibrosis in sarcoidosis. Pulmonary fibrosis in man, however, whether idiopathic or due to connective tissue diseases, is associated with mast cell accumulation in the alveolar epithelial cell layer.'" Moreover, experimental studies on rats have shown that radiation'2 as well as bleomycin'3 induced pulmonary fibrosis is accompanied by a massive increase in mast cell numbers in the lung parenchyma. Our observations that lavage mastocytosis in patients with sarcoidosis is correlated with increased hyaluronate concentrations in the lavage fluid, impaired lung function, and more advanced disease as indicated by chest radiographs provide further arguments favouring a role for mast cells in lung fibrosis.
Although the correlation between pulmonary mastocytosis and various laboratory indices of lung in disease are intriguing, we have no explanation of the possible mechanisms. One mast cell activity, however, relevant to the observations in the present study is the ability of mast cell granules to interact with fibroblasts.8 Animal experimental studies have suggested that mast cell degranulation is accompanied by an increase in the proliferative rate of adjacent fibroblasts,'120 a mitogenic effect partly ascribed to histamine.2' 22 Other observations suggest alternative mechanisms by which mast cells may affect fibroblast proliferation. Extracellularly, released mast cell granules are taken up by phagocytic cells23 and fibroblasts24 and later degraded.23 24 Another explanation for the relationship between mast cells and hyaluronate in lavage fluid comes from possible effects of local immune activation on mast cells and fibroblasts. Although the mast cell type in the lung is largely independent of the T lymphocyte,26 its proliferation seems to be regulated by T cells. 27 Moreover, products of activated T cells and mononuclear-lymphocyte cultures can stimulate the growth of mast cells from bone marrow precursors.28 Stimulated T cells also elaborate factors that stimulate fibroblast proliferation and collagen synthesis.2"3'
Thus the appearance of mast cells and hyaluronate in the alveolar space may be parallel events, both being regulated by activated lymphocytes. In support of this notion we observed in this study that amounts of mast cells as well as hyaluronate recovered during lavage were related to numbers of recovered lymphocytes. Our findings may also support the model of T cellmast cell interrelation proposed by Claman,32 which is that activated T cells may stimulate fibroblasts either directly or indirectly, in the latter case by stimulating mast cell proliferation and thereby mast cell interaction with fibroblasts.
Thus this study has added a further layer of complexity to the pathophysiology of sarcoidosis by indirectly demonstrating a potential role for pulmonary mast cells in the enhanced synthesis ofhyaluronate in the lung. We hope that current longitudinal studies
